We investigate the structure of the D s1 (2460, 2536)(J P = 1 + ) mesons via analyzing the semileptonic B c → D s1 l + l − , l = τ, µ, e and B c → D s1 νν transitions in the framework of the three-point QCD sum rules. We consider the D s1 meson in two ways, the pure |cs state and then as a mixture of two | 3 P 1 and | 1 P 1 states. Such type rare transitions take place at loop level by electroweak penguin and weak box diagrams in the standard model via the flavor changing neutral current transition of b → s. The relevant form factors are calculated taking into account the gluon condensate contributions. These form factors are numerically obtained for |cs case and plotted in terms of the unknown mixing angle θ s , when the D s1 meson are considered as mixture of two | 3 P 1 and | 1 P 1 states. The obtained results for the form factors are used to evaluate the decay rates and branching ratios. Any future experimental measurement on these form factors as well as decay rates and branching fractions and their comparison with the obtained results in the present work can give considerable information about the structure of this meson and the mixing angle θ
Introduction
The structure of the even-parity charmed D sJ mesons has not known exactly yet and has been debated in the quark model. The observation of two narrow resonances with charm and strangeness, D s0 (2317) in the invariant mass distribution of D s π 0 [1] [2] [3] [4] [5] [6] and D s1 (2460) in the D * s π 0 and D s γ mass distributions [3] [4] [5] [6] [7] [8] , has raised discussions about the structure of these states and their quark contents [9, 10] . Analysis of the D s 0 (2317) → D * s γ, D s1 (2460) → D * s γ and D s 1 (2460) → D s 0 (2317)γ shows that the quark content of these mesons are probably cs [11] . Among these mesons, the axial vector charm-strange meson D s1 is more attractive ones, because the discovery of the D s1 (2460)(J P = 1 + ) meson [2] [3] [4] [5] and its measured mass indicated a lower mass than expected in potential model (PM) [12] and quark model (QM) [13, 14] predictions. In other words, the D s1 (2460) does not fit easily in to the cs spectroscopy [15] . However, some physicists presumed that this discovered state is conventional cs meson [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Many different theoretical efforts have been dedicated to the understanding of this unexpected and surprising disparity between theory and experiment [27] [28] [29] [30] [31] [32] [33] [34] [35] . As a result of the above discussion, we will consider the D s1 meson in two ways, the pure |cs state and also as a mixture of two | 3 P 1 and | 1 P 1 states.
Heavy-light mesons are not charge conjugation eigen states and so mixing can occur among states with the same J P and different mass that are forbidden for neutral states. These occur between states with J = L and S = 1 or 0 [15] . Hence, the mixing of the physical D s1 and D ′ s1 states can be parameterized in terms of a mixing angle θ s , as follow:
where, the spectroscopic notation 2S+1 L J has been used to introduce the mixing states. Considering | 3 P 1 ≡ |D s1 1 and | 1 P 1 ≡ |D s1 2 with different masses and decay constants [36] , we can apply these relations for axial vectors D s1 (2460) and D s1 (2536) mesons with two different masses. i.e., |D s1 (2460) = sinθ s |D s1 1 + cosθ s |D s1 2 , |D s1 (2536) = cosθ s |D s1 1 − sinθ s |D s1 2 .
The masses of D s1 1 and D s1 2 states are presented in Table 1 . These values have been obtained in QM approach. Note that, in the heavy quark limit the physical eigen states D s1 and D ′ s1 can be identified with P
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In this work, taking into account the gluon condensate corrections, we analyze the rare semileptonic B c → D s1 l + l − , l = τ, µ, e and B c → D s1 νν transitions in three-point QCD sum rules (3PSR) approach. Note that, the B c → (D * , D * s , D s1 (2460))νν transitions have been studied in Ref. [38] , but assuming the D s1 only as cs. The B c → D q l + l − /νν [39] , [40] transitions have also been analyzed in the same framework. The heavy B c meson contains two heavy quarks b and c with different charges. This meson is similar to the charmonium and bottomonium in the spectroscopy, but in contrast to the charmonium and bottomonium, the B c decays only via weak interaction and has a long lifetime. The study of the B c transitions are useful for more precise determination of the Cabibbo, Kabayashi, Maskawa (CKM) matrix elements in the weak decays.
The rare semileptonic B c → D s1 l + l − /νν decays occur at loop level by electroweak penguin and weak box diagrams in the standard model (SM) via the flavor changing neutral current (FCNC) transition of b → sl + l − . The FCNC decays of B c meson are sensitive to new physics (NP) contributions to penguin operators. Therefore, the study of such FCNC transitions can improve the information about:
• The CP violation, T violation and polarization asymmetries in b → s penguin channels, that occur in weak interactions,
• New operators or operators that are subdominant in the SM,
• Establishing NP and flavor physics beyond the SM. In the standard model, the effective Hamiltonian responsible for the rare semileptonic B c → D s1 l + l − and B c → D s1 νν decays, which are described via b → s l + l − loop transitions (see Fig. 1 ) at quark-level, can be written as:
where C ef f 7 , C ef f 9
and C 10 are the Wilson coefficients, G F is the Fermi constant, α is the fine structure constant at the Z mass scale and V ij are the elements of the CKM matrix. These loop transitions occur via the intermediate u, c, t quarks. In the SM, the measurement of the forward-backward asymmetry and invariant dilepton mass distribution in
transitions provide information on the short distance contributions dominated by the top quark loops [41] . The electroweak penguin involving the contributions of photon and Z bosons is shown in Fig. 1(a) and Fig. 1(b) presents the contribution of the W box diagram. It is reminded that the b → s νν transition receives contributions only from Z-penguin and box diagrams.
The transition amplitude of B c → D s1 l + l − /νν decays is obtained sandwiching Eq. (3) between the initial and final states, i.e.,
where, p and p ′ are the momentum of initial and final meson states, respectively, and ε is the polarization vector of the D s1 meson. Our aim is to parameterized the matrix elements appearing in Eq. (4) in terms of the transition form factors considering the Lorentz invariance and parity considerations.
expressing that all quarks are real. Note that, there are two main vertexes related to the bare loop diagrams that describe b → s l + l − transition in Fig. 1 
Then, the spectral densities related to σ µν q ν (1 + γ 5 ) vertex are presented as:
where
Gluon condensate contribution
In this section, the non-perturbative part contributions to the correlation function are discussed. Here, we will follow the same procedure as stated in [38] [39] [40] 42] . The nonperturbative part contains the quark and gluon condensate diagrams. For this aim, we consider the condensate terms of dimension 3, 4 and 5. It's found that the heavy quark condensate contributions are suppressed by inverse of the heavy quark mass and can be safely omitted. The light s quark condensate contribution is zero after applying the double Borel transformation with respect to the both variables p 2 and p ′ 2 , because only one variable appears in the denominator. Therefore in this case, we consider the two gluon condensate diagrams with mass dimension 4 as non-perturbative corrections. The diagrams for contribution of the gluon condensates are depicted in Fig. 2 . To obtain the contributions of these diagrams, the Fock-Schwinger fixed-point gauge, x µ A a µ = 0, are used, where A a µ is the gluon field. In the evaluation of diagrams in Fig. 2 , integrals of the following types are encountered.
These integrals can be calculated using the Schwinger representation for the Euclidean After Borel transformation using:
we obtain
I in Eq. (22) stands for double Borel transformed form of Eq. (19) . In Schwinger representation:
where k = 1, 2, m = 3, 4, 5, M 2 1 and M 2 2 are the Borel parameters in the s and s ′ channel, respectively, and the function U 0 (a, b) is defined as
Performing the double Borel transformation over the variables p 2 and p ′ 2 on the physical as well as perturbative parts of the correlation functions and equating the coefficients of the selected structures from both sides, the sum rules for the form factors A ′ Bc→D s1 i are obtained:
where i = V, 0, 1, 2 and for the form factors T ′ Bc→D s1 j , we get
where j = V, 0, 1. The s 0 and s ′ 0 are the continuum thresholds in B c and D s1 channels, respectively and lower bound s L in the integrals is given in Eq. (18) . We present the explicit expressions of the coefficients C
correspond to gluon condensates in Appendix-A. Now, the A ′ Bc→D s1 1(2) i and T ′ Bc→D s1 1(2) j form factors are obtained from the above equations replacing the f D s1 by decay constant f D s1 1 (2) , and m D s1 with m D s1 1(2) , i.e.,
and
Using the straight forward calculations, the form factors of the A Bc→D s1 (2460) i and T Bc→D s1 (2460) j are found as follows:
where i ′ = V, 1, 2 and j ′ = V, 1. Note that, the A 
Decay widths
Now, we present the dilepton invariant mass distribution for the B c → D s1 νν and B c → D s1 ll decays. Using the parameterization of the B c → D s1 transition in terms of form factors and also Eq. (3), the dilepton invariant mass distribution of the B c → D s1 νν decay can be written as [43] :
, α 1 and β 1 are defined by
where [44, 45] :
l /q 2 and the expressions of α 3 , β 3 and δ are given as:
Numerical analysis
In this section, we present our numerical analysis of the form factors A i , (i = V, 0, 1, 2) and to extend our results to the full physical region, 0 ≤ q 2 ≤ (m Bc − m D s1 ) 2 GeV 2 , we look for a parameterization of the form factors in such a way that in the region 0 ≤ q 2 ≤ 10 GeV 2 , this parameterization coincides with the sum rules predictions. Our numerical calculations show that the sufficient parameterization of the form factors with respect to q 2 is as follows:
The values of the parameters a, b and m f it are given in the 2 in the whole physical region and use the total mean life time τ Bc = (0.46 ± 0.07) ps [54] . Our numerical analysis shows that the contribution of the non-perturbative part (the gluon condensate diagrams ) is about 12% of the total and the main contribution comes from the perturbative part of the form factors. The values for the branching ratio of these decays are obtained as presented in Table 4 , when only the short distance (SD) effects are considered. It should be noted that, the long distance (LD) effects for the charged lepton modes are not included in the values of Table 4 . With the LD effects, we introduce some cuts close to q 2 = 0 and around the resonances of J/ψ and ψ ′ and study the three regions as follows:
where q 2 min = 2m l . In Table 5 , we present the branching ratios in terms of the regions shown in Eq. (37) . The errors are estimated by the variation of the Borel parameters M (0.81 ± 0.25) × 10
(1.61 ± 0.53) × 10
(6.56 ± 2.16) × 10 −9 and mixing angle, respectively. Using Eqs. 30 and 32 we analyze the decay widths and the branching ratios related to considered decays. For this aim, we denote the variations of the decay widths with respect to q 2 and θ s in the regions 4m
GeV 2 , (l = τ, µ, e) and −180
• ≤ θ s ≤ 180
• and branching ratios only in terms of mixing angle θ s in Figs. 7-10 . The results for electron and muon are approximately the same, so we consider l = µ, τ . In Fig. 11 , as an example, we only depict the variation of the branching ratio of B c → D s1 (2460)νν decay in terms of the mixing angle. The figures 9 and 10 depict a regular variation of the branching ratios for l + l − case with respect to the mixing angle, while we see an irregular variation of the branching ratio of the B c → D s1 (2460)νν transition with respect to the θ s .
In summary, We analyzed the semileptonic B c → D s1 (2460[2536])l + l − , l = e, µ, τ and B c → D s1 (2460 [2536] )νν decays in the framework of the three-point QCD sum rules. First, we assumed the D s1 (2460) and D s1 (2536) axial vector mesons as the pure |cs states. In this case, the related form factors were computed. The branching ratios of these decays were also estimated with both the short distance (SD) and long distance (LD) effects, for the charged lepton modes. Second, D s1 (2460[2536]) mesons were considered as a combinations of two states | 3 P 1 ≡ |D s1 1 and | 1 P 1 ≡ |D s1 2 with different masses and decay constants. We evaluated the transitions form factors and the decay widths of these decays with respect to the mixing angle θ s and the transferred momentum square q 2 . The dependence of the branching ratios on θ s was also presented. Detection of these channels and their comparison with the phenomenological models like QCD sum rules could give useful information about the structure of the D s1 meson and the mixing angle θ s .
Appendix-A
In this appendix, the explicit expressions of the coefficients of the gluon condensate entering the sum rules of the form factors A ′ Bc→D s1 i , (i = V, 0, 1, 2) and T ′ Bc→D s1 j , (j = V, 0, 1) are given. 
